In the early 1930s there was a reluctance to believe that molecules could have molecular masses upwards of 50 000 Da. In 1938 Geoffrey Gee began a fundamental study of polymer solutions that finally removed this doubt. His ultimate achievement was to secure the place of natural rubber against the growing competition from synthetic rubbers. In 1953 he moved on to a distinguished academic career at the University of Manchester.
T  
Geoffrey Gee was born on 6 June 1910 in the village of Disley in Cheshire. He was the first of two sons born to Thomas and Mary Ann Gee. His father was a blacksmith who eventually bought a smithy with an attached house and thus the family moved on to New Mills in Derbyshire. Thomas Gee was a devout Wesleyan Methodist and lay preacher. Geoffrey's mother, too, was an active member of the Newtown Wesleyan chapel and so it was that he was drawn increasingly into the life of the chapel. Throughout his life Geoffrey remained a devout Christian of simple and unshakeable faith.
He attended Newtown Council School from 1915. He did well enough in the three R's but found the rougher lads somewhat trying. Apparently the Head believed in corporal punishment but of that, Geoff once wrote, 'I was too meek and mild to be much involved'. His parents encouraged him to take the entrance examination for the local secondary school as a practice run for the scholarship examination the following year. The practice run proved sufficient and he entered New Mills County Secondary School in 1920, the youngest pupil in the class.
Although he found the competition severe, backed by supportive parents and an atmosphere conducive to homework he quickly began to appreciate the quality of the teaching of mathematics and physics and above all the teaching of chemistry by Mr W.A. Whitton, the headmaster. Geoffrey was encouraged to read widely around the chemistry syllabus, and Mr D.C. Henry, then Lecturer in Chemistry at Manchester, would later recall encounters with this exceptionally bright pupil on school visits. After several years at the top of the class he suffered a character-forming failure in an attempt to win a university scholarship. In the following year, 1928, he was awarded a County Major Scholarship to Manchester University together with the William Simpson Exhibition.
At the time, the Chemistry Department at Manchester was experiencing a lean period. Robert (later Sir Robert) Robinson, F.R.S., had just departed for Oxford, leaving Arthur Lapworth (F.R.S. 1910), as the only professor. Geoffrey Gee found his lectures stimulating but most others competent rather than exciting. Physical chemistry became his main interest, in particular J.B.M. (Bill) Herbert's thermodynamics and Henry's lectures on colloid science.
Convinced that science was to be his career, he quickly perceived that he would need a scholarship to finance a postgraduate career. Only two were expected to be available for a class of thirty. This goal provided a stimulus additional to his interest in chemistry and he devoted himself almost entirely to study, taking little or no part in the general life of the university as he journeyed, by train, daily from home. He graduated with first class honours in 1931 and was awarded a Mercer Scholarship of £30 for one year and a two-year grant from the Department of Scientific and Industrial Research (DSIR).
The choice of research supervisor lay between Henry, who had spotted him as a schoolboy and had interested him in colloid chemistry, and Hugh (later Sir Hugh) Taylor (F.R.S. 1932), who arrived in 1931 as a visiting professor for one year and had started some research on catalysis. Geoffrey chose to work in the Colloid Laboratory on the electrocapillarity of aqueous alcohol solutions and as a subsidiary project determined the activity coefficients of lithium chloride in these solvents. Henry was an exacting supervisor, who expected his students to be independent, and so Geoffrey obtained a thorough grounding in the construction and use of equipment and the interpretation of results. The work was presented for an MSc in 1933. It had been a good introduction to research.
Unfortunately the DSIR grant ran out. All the department could offer for the additional year to complete a PhD was £40 from a one-third share of funds from two Dalton Scholarships. Any hope of an academic career was dashed and a livelihood had to be sought elsewhere.
C
Times were bad after the Depression, and Geoffrey Gee considered himself fortunate in obtaining a post with ICI Dyestuffs Group. Even better, at his interview he was surprised to learn that the plan was for the person chosen to spend his first year in Cambridge working under the direction of Eric (later Sir Eric) Rideal (F.R.S. 1930). September 1933 was spent at Blackley attending the normal recruit course before departing for Cambridge in October. His position in Cambridge during the ensuing year was highly irregular in that he worked effectively as a research student in a university laboratory but had no college affiliation. Officially he did not exist! Eventually ICI, somewhat reluctantly, yielded to Rideal's persuasion and agreed to extend the secondment for two further years rather than send a replacement.
This was the golden period of Rideal's research group. Most of the members were postdoctoral fellows with established reputations. They included J.K. Roberts (F.R.S. 1942 S. 1956 ) and A.S.C. Lawrence. Rideal's supervision of research was in sharp contrast to Henry's. Rideal made a complete tour of his laboratory shortly after 9.00 a.m. and just before 7.00 p.m. To the friendly enquiry 'how goes it?' it was possible at 6.45 p.m. to report the day's events; 9.15 a.m. the next morning proved more difficult! Even Geoffrey's Christian charity was stretched in recalling that a good idea put forward one day would return the next as a suggestion from the Master. Even so, the atmosphere was friendly, challenging and immensely broadening.
The first topic of research bore on ICI's interest in the hardening of drying oils (such as linseed), namely the oxidation and polymerization of unsaturated esters and glycerides. It had just been discovered that it was possible to follow reactions in monolayers and aqueous substrates, and Rideal thought that this technique should be applied. Gee succeeded in following the rates of change of the properties of the films under various conditions. During the next three years, on the basis of this technique, an elaborate analysis of the oxidation and polymerization of unsaturated esters, together with the effect of catalysts and inhibitors, was completed. The true value of this first example of the power of kinetic studies of surface properties was not fully realized until some years later. The degree of PhD was awarded in 1936.
Another important interaction in the Colloid Laboratory was with Melville, who was studying the polymerization of acetylene by conventional methods. Gee tried to polymerize butadiene on an aqueous medium. Although less productive, the work stimulated an interest in the general problem of polymerization kinetics.
Geoffrey Gee's connection with ICI had become little more than payment of salary. In fact he never returned to Blackley because in 1938 he accepted the post of Senior Physical Chemist with the newly created British (Natural) Rubber Producers Research Association (BRPRA).
While at Cambridge, another important event occurred in this burgeoning career. On 18 September 1934, Geoffrey married Marion (née Bowden), also of New Mills, Derbyshire. The families were members of the same Wesleyan chapel. Marion and Geoffrey had attended the same schools from childhood. Their eldest daughter, Ann Veronica, and their son Roger were born in Cambridge. Hilary was born in the next phase of Geoffrey's career, at Welwyn Garden City. Much to Geoffrey's satisfaction Roger became a physicist and ultimately the Development Manager with special responsibility for infrared spectroscopy at Perkin Elmer Limited. Later, (Lord) Fred Dainton (F.R.S. 1957) observed, 'To stay with Geoff and Marion was to experience the joys of stability and harmony of two individuals sharing the same strong, deep values'.
B R P R A, 1938-53
The ICI affiliation at Cambridge was effectively a research fellowship. His first real post was as Senior Physical Chemist at the BRPRA. This was the UK part of an international network of R & D organizations in Britain, France and The Netherlands funded by growers of natural rubber from a cess on production, to promote it as an industrial material. The Rubber Growers Association (RGA) formed by British owners of estates in Malaysia and Ceylon already had a small R & D effort in Cambridge and in Imperial College, London. A BRPRA Board was set up in London, which included Norman (later Sir Norman) Haworth (F.R.S.
1928), and Eric Rideal. Before 1938 the development of rubber technology had been almost entirely empirical. Natural rubber was considered to be a unique material. With the guidance of Haworth and Rideal, the policy of the Board and its Research Association was defined very broadly: 'to understand rubber and in pursuit of this aim to mount a programme of fundamental research'.
The first Director of Research was John Wilson, a man with no research record or experience of working with rubber. He did have immense drive and a passionate belief in fundamental research. His initial team was drawn from a small group of organic chemists and technologists already involved with the RGA. The physics and physical chemistry team started from scratch, with Geoffrey Gee as its leader and supported by Leslie Treloar from GEC and Ian Bolland, a student of Harry Melville's, from Cambridge. Eventually in 1939 the team was brought together in a small factory rented from the Welwyn Garden City Development Corporation. Wilson's persuasive insistence on the vital role of natural rubber kept most of the team together during the war, and growth was subsequently achieved by the appointment of bright young scientists. The laboratory speedily acquired an international reputation in the developing field of polymer science as well as for its understanding of rubber technology. Gee was its scientific leader and succeeded Wilson as Director in 1947. In the first 30 years the laboratory could count three elected FF.R.S., six appointed to professorial chairs, three to readerships, five directors of other research associations and six appointed to senior industrial posts. Eventually, as political change transformed the postwar world, the laboratory became the Natural Rubber Producers Research Association in 1957 and subsequently the Malaysian Rubber Producers Research Association in 1974; from 1996 it was the Tun Abdul Razak Research Centre, still a much valued part of the technology base of Malaysia and wholly owned by that country. It is a fitting tribute to the work of Wilson and Gee that even in the present difficult times the Malaysian government remains committed to the support of R & D in this laboratory in the UK.
The main R & D activities of Gee's group in 1938 were initially directed towards the elucidation of the molecular structure of natural rubber and the measurement and understanding of its properties. Apparent molecular masses calculated from the freezingpoint depression of camphor solutions were 1000-5000 Da. The much higher values obtained from osmotic pressure data in benzene solution were ascribed to 'micelles' formed by association. Gee was able to show that if precautions were taken to avoid degradation at the high temperatures involved, the results in camphor solutions do not differ fundamentally from those in other solutions in a whole range of solvents. Natural rubber certainly had a molecular mass in excess of 100 000 Da! This was part of a more general investigation of the thermodynamics of polymer solutions that provided the first comprehensive set of data by which the newly developing statistical theories of polymer solutions could be evaluated. Paul Flory and Geoffrey Gee did not meet until after the war, but this work was the basis of mutual respect, which in turn grew into a lasting friendship. Geoff became one of an extremely small band who could command Paul's attention on those rare occasions when his theories were in need of revision! During this period, Leslie Treloar began to study the physics of rubber in various types of deformation and also the role of crystallization. Gee's contribution was mainly to thermodynamic studies of swollen polymers and rubber networks and, as Treloar once recalled, to introduce him to the mysteries of thermodynamics. Separate research programmes led to a number of joint papers and to a deeper understanding of the physics of rubber elasticity.
Much of the work done in this period was included in a survey entitled 'Some thermodynamic properties of high polymers and their molecular interpretation', written by Gee and published in 1947 in the first volume of Quarterly Reviews of the Chemical Society. As an undergraduate in my final year, I remember its impact on a scientific community that regarded rubbers and plastics as not being amenable to rigorous investigation. More than that, the paper made chemists and physicists aware of the scope of polymer science to come.
As a research worker, one of Geoffrey Gee's strengths was his ability to analyse and systematize experimental data. A typical instance, which produced a concept of lasting value to polymer scientists, occurred when Dr G.S. Whitby, at a Faraday Society meeting in 1942, presented a summary of data that he and his students had amassed on the swelling of natural rubber. Overnight, Gee used his thermodynamic insights to introduce the concept of 'cohesive energy density' as a measure of intermolecular interaction in a rubber or liquid. He demonstrated that good solvent power or a high degree of swelling was achieved when the cohesive energy density of the rubber and solvent were matched. This concept brought order to an otherwise confusing mass of data. In the early days of the development of Terylene, for example, it was used by F.W. Hartley at ICI Dyestuffs Division to select o-chlorophenol as a suitable solvent to replace hostile mixtures then in use.
Another problem presented by natural rubber was that of oxidative degradation. The organic group, led by E.H. Farmer (F.R.S. 1947), contributed to the investigation of the chemical processes, whereas Gee's physical chemistry group, which now included Bolland and L.C. Bateman (F.R.S. 1968), tackled the kinetic and photochemical aspects. Together the groups produced the first comprehensive understanding of ageing and the chemistry of vulcanization.
In 1947, with the group's scientific output and also its impact on rubber technology at their height, John Wilson departed to establish a new research association. He took with him several of the best physicists. Geoffrey Gee was made Director of Research. It was the end of his career as a research worker at the bench. Nevertheless, he was often active with pencil and paper when he had time. The strange behaviour of elemental sulphur-much used in vulcanization-was a source of interest because of the speculation on which of its possible structures might be involved in the reaction with rubber. The crystalline solid was known to consist of S8 rings. S6 was also known and, in the vapour phase, S2. To the polymer scientist the highly viscous liquid clearly contained long chains. Geoff produced a nearly quantitative analysis from a model based on a ring-chain equilibrium.
As Director, one of his first duties was to visit Ceylon and Malaya in 1947 to assess the postwar situation and to propose plans for the future. At that time the Rubber Research Institute (RRI) of Malaya was preoccupied with the problems of growing rubber. Excellent work was being done on bud-grafting of carefully selected material to develop a series of high-yielding clones in combination with other desirable properties. Very little was done to characterize the final product, which instead was sold simply on the basis of colour and freedom from obvious contaminants. To prepare for this trip, Gee had already visited the USA and returned convinced that synthetic rubber should not be thought of simply as a substitute to tide over the period until supplies of natural rubber could be restored. More probably, synthetic materials would be available offering manufacturers a range of new rubbers with which natural rubber would have to compete.
The outcome of the visit was the presentation to the RGA, jointly with the Director of the RRI, of an outline programme for close collaboration between the two laboratories. This led to the successful introduction of the technical specifications for a range of natural rubbers. This placed Malaysian natural rubber at the forefront of natural rubber from the other producing countries; eventually L.C. Bateman and B.C. Sekhar successfully launched the premium Standard Malaysian Rubber, SMR, grades. This work, initiated during Geoffrey Gee's directorship, is the main reason why natural rubber continues to command nearly 40% of the total rubber market.
The role of director provided good experience as an administrator. There was also scope for learning the skills of diplomacy because his predecessor, noted for his forthright manner, had been less than popular with the French and Dutch groups. Administration skills and diplomacy were to be particularly valuable in the next phase of his career because in 1953 the call came to return to his Alma Mater.
U  M, C D, 1953-77
The sub-department of physical and inorganic chemistry had been led with great distinction from 1933 to 1948 by Michael Polanyi (F.R.S. 1944) and then, until his early death in 1952, by M.G. Evans (F.R.S. 1947). The task of finding a successor fell to the Head of Department, E.R.H. (Tim) (later Sir Ewart) Jones, F.R.S. Several academics, notably from Oxford, were sounded out and Geoffrey Gee's name was suggested. Sir Ewart recalls that first overtures evoked a cool response. His former supervisor, D.C. Henry, by then a Reader, also remembered a visit to the BRPRA to press the invitation. Despite some misgivings, the call was accepted in mid-1953 and for two years he shared the responsibility of running the department in a wholehearted collaboration with Tim. Geoff always looked back on the appointment as a gamble for both sides. He had done no laboratory work for the past six years and was accustomed to the help of technical assistants. He had no experience of university teaching and had never delivered a systematic course of lectures, or examined. In Manchester it was the custom for the professor to give the opening lectures to the first-year honours class. He was thrown in at the deep end, and chose the task of introducing thermodynamics. Had he known what was about to happen he might well have declined, for in July 1955 Tim Jones moved to the Chair in Organic Chemistry at Oxford, leaving Geoffrey Gee in sole command at Manchester.
Fortunately, despite recent losses of A.G. Evans, H.C. Longuet-Higgins (F.R.S. 1958) and Michael Szwarc (F.R.S. 1966), physical and inorganic chemistry had an extremely talented and active staff. Fred Fairbrother was in charge of inorganic chemistry and, like Henry and Herbert, had taught the new professor as an undergraduate. There was a formidable array of physical chemists including Ernest Warhurst, Hank Skinner and John (Bax) Baxendale, W.C.E. Higginson, John Rowlinson (F.R.S. 1970 , Sec.R.S. 1994 and Huw Pritchard, all extremely active in research. Dick Colclough, Bill Byers Brown and I joined two or three years later.
The first excursions into academic research were joint ventures. Fred Dainton had introduced the concept of 'ceiling' temperatures in polymerization reactions and in the early 1950s had speculated that the polymerization of cyclic monomers to linear polymers might exhibit 'floor' temperatures below which polymerization would be impossible. Recalling his 'paper and pencil' study at the BRPRA, Gee showed, with Fairbrother, that the classic example of this behaviour was the transformation of liquid sulphur (largely S8) to a viscous mass of long chains. Before Geoff's arrival, W.C.E. (Bill) Higginson had been investigating polymerization reactions with the use of NH . They collaborated on the polymerization of ethylene and propylene oxides by alkoxides and by metal halide catalysts. As Bill Higginson concentrated more and more on redox systems and moved into mainstream inorganic chemistry, Dick Colclough took over the investigations of epoxide polymerization with metal halide and metal alkyl systems. − 2 Bill Herbert had been persuaded back to research to supervise a calorimetric study of polymer heat capacities and also the effect of pressure on the glass transition. My initial tasks were to study the stress relaxation that occurred after rapid extension of vulcanizates and to devise a method of measurement of internal pressures of polymers. Thus began a collaboration lasting some twenty years covering thermodynamic studies of polymer solutions, rubber elasticity, and glasses and relaxation phenomena and molecular structure. The overall theme was the relationship between the chemical structure and physical properties of polymers. The molecular characterization of polymers was in its infancy and Gee's group prided itself on making sound measurements on well-defined polymer specimens. Colin Price was a notable and increasingly independent contributor to much of this activity, and Colin Booth made a special contribution to polymer characterization in general and of epoxide polymers in particular. The work continues.
Geoffrey Gee was always ready to support his colleagues pursuing independent research programmes too, and always alert for possible extensions into polymer science. John Rowlinson's study of lower critical solution phenomena in glycol-water systems led, with his encouragement, to the discovery by John and his co-workers of the general phenomena of the existence of lower critical solution temperatures in polymer solutions. The first major addition to inorganic chemistry, Norman Paddock, was the leading exponent of the chemistry of phosphonitrilic ring systems and the ring-opening polymerization. Gee's clear mind, unobtrusive administrative ability and friendly manner helped always to ease tensions in the physical and inorganic group, especially concerning the equitable distribution of growing resources in the expansion of the 1960s.
As Head of Department his first task was to find a successor to Tim Jones. Arthur Birch (F.R.S. 1958) proved to be an excellent appointment in organic chemistry. In 1960 a separate Department of Inorganic Chemistry was formed, with Fred Fairbrother as the first professor; in two years he was succeeded by Jack (later Lord) Lewis (F.R.S. 1973). A new chemistry building opened in 1964; the head of department took the leading role in its planning. There followed in the second half of the decade chairs of Biological Chemistry, Chemical Physics and Theoretical Chemistry. Eventually Biological Chemistry became a separate department.
He handled student demands in the late 1960s with diplomacy; there were no serious upheavals and student participation evolved on the basis of mutual respect. In the 1970s Gee's preoccupation was with administration of the department and an interest in broadening the range of courses offered to those students who would not be chemical specialists. By now, however, he was an influential figure in the university. Together with outside work, this meant that he had little time to direct research but he remained always ready to listen, to advise and often to return with an analysis to encourage individual colleagues.
In the Manchester phase of his research activities, perhaps the single most important contribution to polymer science was to interest Sir Sam Edwards (F.R.S. 1966), in the statistical theory of polymer physics. Sir Sam writes:
I started in research in quantum electrodynamics, but changed in the late fifties into what has become known as Condensed Matter Physics. The technical point that gave me the bridge to polymers was that there is a formulation of quantum mechanics where one averages over the possible paths of an electron.
I extended this to the average behaviour of electrons in the presence of obstacles and this had various applications. I had an inspiration and went to talk to Geoff, asking him whether he had any problems which would exploit my abilities. He offered me my first problem: to work out the size of a self-repelling polymer. To my surprise and delight this turned out to be described by the same expression I had derived for disordered semiconductors. The key point was that for really long polymers, the details of the chemical structure are irrelevant. I took the solution along to Geoff who said that that was Flory's answer which left me rather crestfallen; I had never heard of Flory. Fortunately for me, his derivation proved to be unfounded.
We both served on an SRC committee and often came back to Manchester on the train together. He understood thermodynamics in a way I never could and patiently explained the Flory-Huggins formula to me. After a sabbatical half-year in the USA in 1965/6, this led directly to an appointment as one of three Pro-Vice-Chancellors, set to run until 1967, to support the Vice-Chancellor, Sir William Mansfield Cooper. It involved chairing major university committees. Two of these he chaired until retirement in 1977. One was the Library Committee; the highlights were the merger with the John Rylands Library and eventually the completion of a magnificent new building. The other began with a discussion of the university's response to the suggestion in the Flowers report on the computing needs of the universities that Manchester should become a Regional Computing Centre. Gee went on to chair the standing committee overseeing the management of the centre. Over several difficult years his integrity and diplomacy resulted in effective accord between the Computer Board, the suppliers of equipment and the service claims from the university users in North West England.
From 1967 onwards there was increasing involvement with Council. The first result was the introduction of a group of experimental officers predominantly, but not solely, to provide professional services in the science departments. He also saw a need for Council and Senate to work together more closely. The new Vice-Chancellor, Arthur Armitage, had similar ideas and so it was that a University Development Committee was created, with Gee retaining a seat until retirement. With it came the chairmanship of a subcommittee charged with distributing University Grants Committee funds for equipment across the University.
He became a Pro-Vice-Chancellor again in 1972; in the event, this lasted until retirement, the final three years being on a full-time basis. A new relationship was forged with local Colleges of Education and conditions were established for students in colleges to qualify for the award of university degrees. This was a period of great value to the university. Its hallmark was the harmonious partnership that he enjoyed with the Vice-Chancellor. Indeed, Geoffrey Gee was a tower of strength to two Vice-Chancellors. This sterling service was recognized by the award of a DSc (honoris causa) in 1983.
E 
The most substantial contribution outside the university was made just after taking up the Chair of Physical and Inorganic Chemistry at Manchester. He was persuaded to be the first chairman of the Joint Services (Materials) Advisory Committee set up by the Ministry of Supply. There was an urgent need to have a new organization to provide a meeting ground for the existing Ministry laboratories and a source of advice in the form of a group of academic polymer scientists. It took a great deal of Gee's precious time but over five years an effective team was forged and the work carried on for another decade under the chairmanship of Cecil Bawn (F.R.S. 1952). Geoffrey was rewarded with a C.B.E.
Although in demand, Geoff found only a limited amount of time for industrial consulting; this included his former employer, ICI Dyestuffs Division. Service on the Chemical Research Laboratory Committee at the time of its merger with the National Physical Laboratory led to the chairmanship of the Morgan subcommittee, which was responsible for work over the entire range of materials. Always alert for topics of relevance to the Chemistry Department at Manchester, many valuable liaisons were formed.
Geoffrey was at various times a member of the Royal Society Council, of the Chemistry Committee and the Chemical Education Joint Committee. For many years he was a member of the Faraday Society Council and was President of the Faraday Society in 1969 and 1970. This was an important period in which the Chemical Society, the Royal Institute of Chemistry, the Analysts and the Faraday Society merged to form what is now the Royal Society of Chemistry. Geoffrey Gee found himself allied once again with Tim Jones. His vision and integrity convinced many waverers in the Faraday Society of the wisdom of the move. He was a member of the Chemistry Committee of the Science Research Council when Sir Harry Melville was chairman. In addition, he was a founding editor of Polymer, which has become a leading international journal. E Geoffrey Gee's career spanned a period in which polymer science, particularly the physical properties of polymers, emerged as a clearly defined entity in chemistry and physics. The survival of natural rubber as an engineering material owes much to his vision. He made a notable contribution by his own research and also in the guidance and encouragement of many of his colleagues. As head of a major university chemistry department, he provided leadership and a sure touch in a period of great change in the 1960s and 1970s. He gave unstintingly of himself, despite being rather shy and of a reflective cast of mind. In difficult periods his mild manner often disguised his strength of mind.
One former undergraduate, now a Reader at Cambridge, has written stressing particularly Geoffrey's qualities as a first-year lecturer introducing thermodynamics, and also his kindness. Comparable sentiment is echoed throughout the department and in the wider reaches of the university and indeed in the science community. Always a chemist, to his surprise he found much satisfaction in these broader activities.
In retirement he published two papers analysing data on his beloved topic of high elasticity of polymers. Then his interests became more theological reflecting his allegiance to the Methodist Church. The outcome was a booklet of which he was principal author: God of Science, God of Faith, a testament to steadfast faith untroubled by his scientific insight. A I wish to thank many of Geoff's former colleagues and friends for their assistance, and particularly Dr Colin Booth, Professor Colin Price and Mr Frank Hartley for helpful discussions.
The frontispiece photograph was taken in 1977 and is reproduced with the permission of the Head of the Chemistry Department of the University of Manchester.
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